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(54) Method and apparatus enabling multiple acces on a broadband communication network 



(57) A protocol for handling multiple access on 
broadband communication networks, e.g., fiber/coax 
networks and wireless networks, supports both contin- 
uous bit rate (CBR) and variable bit rate (VBR) traffic 
representing voice, video telephony, interactive televi- 
sion, and data The invention is carried out both in cus- 
tomer premise equipment (CPE) at stations, and in a 
common controller with which all stations communicate. 
A medium access control (MAC) processor provided in 
each of the stations and in the common controller di- 
vides the time domain for a given RF channel into a se- 
ries of successive frames, each having a plurality of time 
slots. Because of the architecture of the communication 
network, individual stations do not communicate directly 
with each other, but can receive broadcast messages 
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indicating the status of each time slot, which messages 
are generated in the common controller and transmitted 
in a downstream channel. When a station desires to 
transmit information in the upstream direction, it inserts 
the information into an 'available* time slot, with availa- 
bility being determined in accordance with time slot sta- 
tus. Depending upon the type of traffic being originated, 
a station can indicate to the common controller a need 
for continued use of the "same" time slot in successive 
frames. This permits a station, such as a station requir- 
ing a CBR connection, to avoid having to contend re- 
peatedly for continued access to the transmission net- 
work. In the case of a wireless communication network, 
the invention is carried out both in mobile stations, and 
in a base station which acts as a common controller and 
with which all mobile stations communicate. 
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Description 

Cross Reference to Related Applications 

[0001] Abandoned United States patent application, 
Serial No. 08/269264, filed June 25. 1994 by Edmon et 
al., entitled "Method and Apparatus Enabling Multiple 
Access on a Broadband Communication Network." 

Field of the Invention 

[0002] This invention relates generally to digital com- 
munication via a high bandwidth (e.g. fiber and coaxial 
cable) communication medium, and, in particular, to an 
access protocol and arrangement for allowing compet- 
ing stations connected to a common head end via a tree 
and branch communication network to use upstream 
channels to transmit to the head end, a variety of types 
of information, such as voice, video-telephony, data or 
control information that may be synchronous, asynchro- 
nous or sporadic. The invention also relates to wireless 
networks, which are akin to fiber/coax networks, in that 
mobile stations do not usually directly listen to each oth- 
er but instead depend on a base station for feedback. 

Background of the Invention 

[0003] There is currently a great deal of activity direct- 
ed toward enhancing the networking infrastructure of 
cable television companies The thrust is two-fold: en- 
hancing the downstream capacity of the networks to 
support new services, and providing for significant up- 
stream capacity for new interactive services, including 
telephony and data networking. Here, "upstream" refers 
to transmission from a station to a headend, and "down- 
stream" refers to transmission from a head end to the 
stations. 

[0004] Many current plans for providing upstream ca- 
pability utilize the well known Time Division Multiple Ac- 
cess (TDMA) method of assigning bandwidth to stations 
that have invoked a signaling method to indicate to the 
head-end that they wish to transmit. However, existing 
versions of TDMA do not provide as much flexibility in 
the use of the available bandwidth as is desired. Also, 
packet data techniques do not require the strict alloca- 
tion of peak bandwidth usually associated with TDMA. 
[0005] Existing packet data solutions also do not ex- 
tend well to the broadband cable environment. Carrier 
Sense Multiple Access/Collision Detection (CSMA/CD), 
as described, for example in Carrier Sense Multiple Ac- 
cess with Collision Detection (CSMA/CD) Access Meth- 
od and Physical Layer Specifications, published by the 
Institute of Electrical and Electronics Engineers, Amer- 
ican National Standard ANSI/IEEE Std. 802.3-1985, is 
arranged so that stations listen to the channel for a pe- 
riod to determine that it is IDLE before transmitting. This 
type of arrangement is very inefficient in the cable envi- 
ronment, because of the distances involved. The prop- 



agation delay, and corresponding dead time of the chan- 
nel, is much greater in cable networks than in the Local 
Area Networks that are the standard CSMA/CD environ- 
ment. 

5 [0006] As another example, the slotted Aloha ap- 
proach described by L. Roberts in "ALOHA Packet Sys- 
tem With and Without Slots and Capture", Computer 
Communications Review, April 1975, specifies a system 
arranged so that time is divided into a series of exact 

10 slot periods. Any station that has data may transmit at 
any time. When collisions occur, stations back off and 
retransmit according to some randomized algorithm. 
This approach has also been enhanced with a reserva- 
tion scheme in which once a station acquires a slot, it 

is can keep successive slots by setting a header field; the 
station may also signal that it has finished transmitting 
by changing that field. See, for example, Lam, S. S., 
Packet Broadcast Networks - A performance analysis 
of the R-ALOHA Protocol, IEEE Transactions on Com- 

20 puters, Vol. C-29, No. 7, July 1980, 596-603. Here 
again, the problem is that in the coax/fiber infrastructure 
under consideration, it is difficult to allow stations to di- 
rectly listen to each other. Also, the unique tree and 
branch structure of the cable network requires that a 

25 new approach be used. 

Summary of the Invention 

[0007] In accordance with the present invention, a 

30 protocol for handling multiple access on broadband fib- 
er/coaxial cable networks is called "Slotted Occupancy 
Sense Multiple Access with Centralized Collision Detec- 
tion " or "SOSMA" for short. SOSMA, which supports 
both continuous bit rate (CBR) and variable bit rate 

35 (VBR) traffic representing voice : video telephony, inter- 
active television, and data. In the case of a coaxial cable 
or fiber tree and branch communication network, the 
present invention is carried out both in customer 
premise equipment (CPE) at stations, and in a common 

40 controller, which may be a head end with which all sta- - 
tions communicate. A medium access control (MAC) 
processor provided in each of the stations and in the 
common controller or head end divides the time domain 
for a given RF channel into a series of successive 

45 frames, each having a plurality of time slots. Because 
of the architecture of the communication network, indi- 
vidual stations do not communicate directly with each 
other, but can receive downstream broadcast messages 
indicating the status of each upstream time slot. These 

50 status messages are generated in the common control- 
ler or head end, and are transmitted in a broadcast 
downstream channel so that all stations can receive 
them. When a station desires to transmit information in 
the upstream direction, it inserts the information into an 

55 'available* time slot, with availability being determined in 
accordance with time slot status. Depending upon the 
type of traffic being originated, a station can indicate to 
the common controller or head end a need for continued 
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use of the "same" time slot in successive frames. This 
permits a station, such as a station requiring a CBR con- 
nection, to avoid having to contend repeatedly for con- 
tinued access to the transmission network. In the case 
of a wireless communication network, the present inven- 
tion is carried out both in mobile stations, and in a base 
station which acts as a common controller and with 
which all mobile stations communicate. 
[0008] In one embodiment of the invention, acknowl- 
edgment or status messages, transmitted in a broadcast 
downstream channel from the common controller or 
head end, indicate that a particular time slot status is (a) 
IDLE, (b) BUSY/CONTINUATION, meaning that a sta- 
tion has a need for continued use of a slot, (c) BUSY/ 
FINAL, meaning that the continued use of a slot has 
come to an end, or (d) COLLISION, meaning that a col- 
lision has occurred with respect to that slot. The IDLE 
status message occurs when the common controller or 
head end does not detect any information in a time slot. 
The BUSY/CONTINUATION message occurs when a 
transmission was successful, and the station originating 
the transmission had set the frame continuation bit. The 
BUSY/FINAL message occurs when a transmission 
was successful, and the station originating the transmis- 
sion had set the frame continuation bit to "final". The 
COLLISION status message is formed in the head end 
by determining that at least one other station connected 
to the transmission medium may also have attempted a 
transmission in the same time slot In a station needing 
access to one or more time slots on the transmission 
network, a slot may be considered to be available if the 
downstream message corresponding to that slot indi- 
cates either an IDLE, COLLISION or BUSY/FINAL sta- 
tus. 

[0009] If a station needs access to more than one time 
slot in each of a plurality of successive frames, there are 
severa i approaches that may be used. First, a station 
may acquire a first time slot, and then seek second and 
subsequent time slots by repeating the time slot conten- 
tion process. In this type of decentralized approach, a 
station can thus progressively "ramp up" to obtain the 
full amount of transmission bandwidth that is needed for 
the type of traffic being originated in that station. In order 
to avoid deadlocks, a timer can be used to terminate the 
call attempt for any station that does not obtain the re- 
quired number of time slots within a predetermined time 
period. Alternatively, a station can indicate, in the first 
upstream signaling message to the head end, that mul- 
tiple time slots over successive frames are needed. In 
this type ol centralized approach, the head end is ar- 
ranged to pre-assign the needed slots if they are avail- 
able, and indicate the assignment in a downstream mes- 
sage. 

[0010] In accordance with an aspect of the invention, 
to prevent interference between time slots and to allow 
ramp up time for transmitter a guard time is provided 
between transmit time slots in the upstream direction. 
However, to increase efficiency, multiple occurrence of 



the guard times is eliminated in "supersets' that are 
formed when multiple adjacent time slots in each frame 
are assigned to a station. These superslots can signifi- 
cantly improve the overall utilization of the available 

5 bandwidth on the transmission medium. 

[0011] In accordance with another aspect of the in- 
vention, common controller or head-end based feed- 
back (as opposed to stations listening to the channel for 
feedback about slot occupancy) can be used to assign 

io time slots and create superslots. 

[0012] While our invention has thus far been primarily 
described in the context of a fiber/coax based transmis- 
sion infrastructure, it is to be understood that the inven- 
tion is also applicable to a wireless communications en- 

15 vironment. In the latter situation, the terms "mobile sta- 
tion", "base station' and "wireless medium", would be 
applicable in place of the terms "station", "head end" 
and" fiber/coax medium". 

[0013] As a result of the above, a station can autono- 
20 mously declare its allocated contiguous slots to be used 
in a superslot mode so as to save bandwidth. This pro- 
vides for a more efficient, and more economic, use of 
the channel. 

25 Brief Description of the Drawing 

[0014] 

Fig. 1 illustrates the overall arrangement of a broad- 
30 band network in which a plurality of stations are in- 
terconnected with a common controller called a 
head end, by a tree and branch transmission net- 
work, and in which the present invention may be 
used; 

35 Fig. 2 illustrates the upstream/downstream spec- 
trum allocation that may be used in the transmission 
medium interconnecting the stations shown in Fig. 
1; 

Fig. 3A illustrates the arrangement by which various 
40 communications devices in the stations of Fig. 1 are 

connected to the transmission network as well as 

the arrangement of the Medium Access Control 

(MAC) processor in accordance with our invention; 

Fig. 3B illustrates the arrangement of a MAC proc- 
45 essor similar to the one shown in Fig. 3A, which is 

disposed in the head end of Fig. 1 , and which directs 

communications signals between the stations and 

the appropriate service platforms, 

Fig. 4 illustrates the arrangement of the data fields 
50 in an upstream message contained within a time 

slot; 

Fig. 5 illustrates the arrangement of the data fields 
in a downstream message contained within a time 
slot; 

55 Fig. 6 illustrates the view, from the point of view of 

stations 1 07, of timing between the flow of upstream 
data and the flow of downstream time slot status 
information; 
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Fig. 7 illustrates the manner in which several con- 
secutive time slots are combined to form a su- 
pers lot; 

Fig. 8 is a flowchart illustrating the initial processing 
of acknowledgment messages received in a MAC s 
processor indicating time slot status; 
Fig. 9 is a diagram illustrating the steps taken when 
downstream acknowledgment indicates a collision; 
Fig. 10 is a diagram illustrating the steps taken 
when downstream acknowledgment indicates that 10 
a time slot is available either due to an IDLE or 
BUSY/FINAL condition, or the situation in which a 
collision has occurred because two stations trans- 
mitted simultaneously or there was noise on the 
transmission medium; 15 
Fig. 11 is a diagram illustrating the process when 
the downstream acknowledgment indicates that a 
time slot has a BUSY/CONTINUATION status, or 
when a collision has occurred involving a station 
that had reserved a time slot; 20 
Fig. 12A is a diagram similar to Fig. 11 illustrating 
the process when the downstream acknowledg- 
ment indicates that a time slot has a BUSY/CON- 
TINUATION status, but where superslots are in use; 
Fig. 1 2B illustrates the process used to determine 2s 
the possible use of superslots in accordance with 
the present invention; and 

Fig. 13 shows the processing followed in head end 
109 of Fig 1 

30 

Detailed Description 

[0015] The type of broadband network being ad- 
dressed by our invention is shown in Fig. 1, in which a 
plurality of stations 107-1 to 107-8 are connected to a 35 
common head end 109 by a tree and branch transmis- 
sion network. The transmission network can include a 
main coaxial cable 102 having a plurality of taps 104-1 
to 104-4, each of which serves a corresponding feeder 
cable 103-1 to 103-4. Each feeder cable in turn serves 40 
one or more of the stations 1 07 via a drop, such as drop 
105. The network in Fig. 1 includes a single fiber node 
101 which permits a transition between main coaxial ca- 
ble 102 and an optical fiber 108. However, it is to be 
noted that the entire network can consist of coaxial cable 45 
in some implementations, and in others, more than one 
such fiber node can be employed in the network, de- 
pending upon which portions of the network are fiber 
and which are coaxial cable. 

[0016] By virtue of the tree and branch arrangement so 
illustrated in Fig. 1 , individual stations cannot communi- 
cate directly with each other, and conventional access 
protocols cannot be used efficiently. Rather, each of the 
stations communicates in the upstream direction with a 
common controller or head end 1 09, while the head end 55 
can broadcast downstream to all of the stations or trans- 
mit selectively to certain stations, using well known ad- 
dressing techniques. The arrangement is further as- 



sumed to include unidirectional amplifiers, not shown, 
that also prevent all stations from hearing all other sta- 
tions. A typical network of the type shown in Fig. 1 may 
involve distances in the range of 1 00 miles from the far- 
thest station to head end 1 09. 

[0017] The traffic anticipated in coax/fiber networks of 
the type shown in Fig, 1 can be broadly classified as 
isochronous or constant bit rate (CBR), asynchronous 
or variable bit rate (VBR), and sporadic (occasional 
bursts of one or more packets or cells). Examples of is- 
ochronous traffic are voice and video telephony (VT), 
which are delay sensitive. Sometimes, a delay insensi- 
tive service like file transfer may also be served using a 
isochronous or CBR connection. Examples of asynchro- 
nous or VBR traffic are VBR video and interactive data. 
VBR video can be transported asynchronously through 
the network, but it requires ^synchronization at the re- 
ceiving station before display on a video monitor. The 
asynchronous or VBR traffic is bursty due to variations 
in activity/inactivity periods and potentially variable bit 
rates during the activity periods. The sporadic traffic is 
also bursty but it is characterized by relatively long in- 
activity periods followed by bursts of one or a few pack- 
ets. Examples of this type are VCR remote control mes- 
sages, video game button pushes, and call set-up mes- 
sages containing signaling and control information. 
[0018] Fig. 2 illustrates the upstream/downstream 
spectrum allocation that may be used in the transmis- 
sion network interconnecting stations 107 to head end 
109. Assuming that a total bandwidth of at least 750MHz 
is available on all of the components of the network, a 
400 MHz band 201 from 50 MHz to 450 MHz may be 
used to carry conventional downstream analog informa- 
tion, such as conventional cable TV programming. A 40 
MHz band between 5 and 45 MHz can be divided into a 
plurality of upstream digital channels 202-1 to 202-n, 
each of which can be I MHz to 6 MHz wide, and capable 
of carrying 1.6 Mb/s to 10 Mb/s digital bandwidth when 
used with a suitable modulation scheme. Each of these 
upstream digital channels can be used for carrying con- 
trol, signaling, voice, video telephony and other mes- 
sages in the upstream direction. A larger number, typi- 
cally 50, of downstream digital channels 203-1 to 203-m 
can be included in the 300 MHz band between 450 and 
750 MHz. These channels can be used for the down- 
stream component of voice, video telephony, video on 
demand (VOD), and other interactive (ITV) services. 
Due to Ihe lower noise in the downstream channels (as 
compared to the upstream channels), with suitable mod- 
ulation schemes, it is possible to carry up to 28 Mb/s in 
each of the downstream channels 203-1 to 203-n. The 
upstream channels 202 are shared by the stations 1 07 
using a multiple access method such as described by 
the present invention. The downstream channels 201 
and 203 are broadcast channels in that all stations 107 
can receive the messages transmitted in those chan- 
nels. 

[0019] Before describing the specific arrangement of 
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the stations 107 (Fig. 3A) and head end 109 (Fig. 3B), 
and the specific components in upstream (Fig. 4) and 
downstream (Fig. 5) messages exchanged between the 
stations and the head end, it will be instructive to present 
an overall view of the operation of these elements in 
connection with the present invention. In accordance 
with the principles of the present invention, bandwidth 
controller 335 in MAC processor 330 in stations 107 in 
Fig. 3A, and a similar bandwidth controller 378 in MAC 
processor 384 in head end 109 in Fig. 3B, are arranged 
to implement a protocol with respect to information 
transmission on the interconnecting tree and branch 
network whereby a station 107 can insert information in 
a particular time slot in an upstream channel as long as 
the time slot is an unreserved slot. Any station that tries 
to transmit in a time slot reads the status information 
associated with that slot that is contained in a broadcast 
downstream channel. If a slot is not reserved, a station 
can insert information. If a slot is reserved for another 
station, the station abstains from transmitting in that time 
slot. If the station detects that its own transmission ex- 
perienced a collision, then the station attempting the 
transmission executes a backoff and retransmit proc- 
ess. 

[0020] Four time slot conditions, which are discussed 
in more detail below, may be indicated in a downstream 
status or acknowledgment message (Fig. 5). First, a slot 
may be IDLE, meaning that the slot was unused in the 
last frame and is available for transmission by any sta- 
tion. Second, the slot may be marked as Busy/Continu- 
ation, meaning that the slot was busy in the last frame 
and is reserved in the next frame for the same station. 
Third, the slot may be marked as Busy/Final, meaning 
that the slot was busy in the last frame, but is available 
in the next frame for any station. Finally, the time slot 
may be corrupted because the slot did not have mean- 
ingful data due to collisions or noise. 
[0021] Further in accordance with the invention, sta- 
tions that have transmitted in a slot may set a frame con- 
tinuation (C f ) subfield 409 in Fig. 4 in an upstream head- 
er, to indicate reservation of the same slot time in the 
next frame. This provides a mechanism for stations that 
require a synchronous access to get guaranteed band- 
width upstream. Stations with enough data may also use 
the frame continuation subfield to obtain capacity to 
transmit Variable Bit Rate (VBR) type traffic. For syn- 
chronous traffic, a station 107 that first transmits in one 
or more lime slots is arranged to set the frame continu- 
ation (C f ) subfield 409 in every succeeding frame, until 
the end of the call. For a VBR service, the station would 
be expected to set it a few times, such as might be re- 
quired to transmit an IP packet, then relinquish the slot. 
[0022] Sometimes, when a station has access to con- 
tiguous time slots in an upstream frame, it can combine 
those time slots into a "superstar by transmitting across 
boundaries of the available time slots. In this case, the 
station signifies the use of superslots by setting a slot 
continuation (C s ) subfield 411 in Fig. 4 in the upstream 



header. 

[0023] Fig. 3A illustrates the arrangement by which 
various communications devices in stations 107 of Fig. 
1 are connected to the transmission network and can, 
s in accordance with the invention, access transmission 
capacity in upstream channels 202 in order to commu- 
nicate with head end 1 09. The communications devices 
in a station may include a telephone 301 , a television 
302, a computer 303, and many other devices. Each de- 
10 vice is connected to a common bus 320 via an associ- 
ated device specific processor 311-313. Thus, tele- 
phone 301 is coupled to bus 320 via processor 311, 
which, for example, converts PCM voice to analog sig- 
nals; television 302 is coupled to bus 320 via processor 
is 31 2, which, for example, converts a MPEG-2 digital TV 
signal to an analog signal; and computer 303 is coupled 
to bus 320 via processor 31 3 which, tor example, pro- 
vides conversion between user and network protocols. 
[0024] With respect to upstream information, each of 
20 the device specific processors 311-313 processes the 
data originated in its associated communication device, 
and presents the data in the proper form for application 
to an RF unit 360 that enables a connection to cable 
102. With respect to downstream information, each of 
25 the device specific processors 311-31 3 processes data 
destined for display/play-out at the associated commu- 
nications device (telephone 301 , television 302, compu- 
ter 303, etc.). For example, processor 312 connected 
television 302 may do MPEG-2 decoding of video infor- 
30 mat ion. 

[0025] Transfer of data between bus 320 and a media 
access control (MAC) processor designated generally 
as 330 (described in more detail below), as well as be- 
tween device specific processors 311-31 3 and bus 320, 
35 is performed under the control of a bus controller 322. 
Bus 320 and bus controller 322 may be arranged to use 
a standard time slot interchange (TSI) or Ethernet pro- 
tocol, or any other suitable arrangement that will be ap- 
parent to a person skilled in the art. 
40 [0026] A modulator 350 and a demodulator 340 are 
provided in each station to modulate upstream informa- 
tion and demodulate downstream information, respec- 
tively. For example, demodulator 340 and modulator 
350 may be arranged to convert an analog signal to a 
45 digital bit stream (and vice-versa) using any of the well 
known techniques such as QPSK, QAM, etc. RF unit 
360 operates in both directions; it converts the RF signal 
received from head end 109 down to baseband and 
feeds it to demodulator 340, and converts the baseband 
so information received from modulator 350 up to the as- 
signed RF frequency for transmission to head end 109. 
It is to be noted here that the functions performed by RF 
unit 360 as well as demodulator 340, modulator 350, 
and potentially MAC processor 330, can be included or 
55 embodied in a single unit, sometimes referred to as a 
"network interface unit", 

[0027] in accordance with the present invention, in- 
formation originating in any of the communications de- 
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vices 301-303 connected to bus 320 and destined for 
the head end 109 of Fig. 1 is applied to cable 102 and 
to the other components of the transmission network un- 
der the control of MAC processor 330, which imple- 
ments the MAC layer protocol of the present invention, s 
Likewise, downstream information from head end 109 
that is destined for the devices 301 -303 is received from 
the transmission network and cable 102, also under the 
control of MAC processor 330. The elements of MAC 
processor 330 are a deformatter 331 and a correspond- 10 
ing formatter 333, both of which operate under the con- 
trol of a bandwidth controller 335, buffers 332 and 339, 
and a program store 337 that contains the program or 
software code that controls the operation of controller 
335. is 
[0028] Deformatter 331 separates pay load data and 
the acknowledgment message, A(i,j), sent from head 
end 109, and sends the payload data to buffers 332, 
from where they are sent to the appropriate device spe- 
cific processor 311-313 over bus 320, depending upon 20 
the destination address, DA(i.j) for the appropriate com- 
munications device 301-303 that is contained in the 
message. Formatter 333 performs the inverse opera- 
tion, namely it combines payload data originated in the 
communications devices 301-303 and/or the device 25 
specific processors 311-313 and control messages, C f , 
C s and L s , originated in bandwidth controller 335, and 
sends these messages, as well as the source address, 
SA(i,j) indicating the identity of the originating commu- 
nications device, to head end 109. The control/status 30 
messages DA(i.j), A(i,j), SA(i.j), C f , C s and Lg are de- 
scribed below in connection with Figs. 4, 5 and 7. 
[0029] Both formatter 333 and deformatter 331 oper- 
ate in conjunction with bandwidth controller 335, which 
performs functions that include (a) scheduling transmis- 35 
sion of packets from buffers 338 to formatter 333 and 
from formatter 333 to RF unit 360 based on the slot sta- 
tus messages (acknowledgments) received from head 
end 109, (b) forming superslots, (c) controlling the con- 
tention process, (d) performing error checking using cy- 40 
clbal redundancy codes (CRC's) contained in each time 
slot. The details of these processes, which, as stated 
previously, are performed under the control of software 
programs stored in a program store 337, are described 
below in connection with Figs. 8 through 1 2. Buffers 339 
and 332 are arranged to store upstream and down- 
stream payload data on a temporary basis, and to store 
parameler information used in the bandwidth allocation 
and management processes that form part of the MAC 
protocol. so 
[0030] While stations 107 transmitting VBR traffic 
may reserve some guaranteed bandwidth for the dura- 
tion of a call or session, they can, in accordance with 
our invention, dynamically seek additional bandwidth or 
release spare bandwidth based on instantaneous vari- 55 
ations in source activity, i.e., the rate at which the station 
produces digital information that is to be transmitted. 
This capability is implemented as follows. 



[0031] The bandwidth controller 335 in each station 
107 monitors the fill in one of the buffers 339 that is as- 
sociated with a particular VBR connection and that is 
used for temporarily storing the information from the 
VBR source. Bandwidth controller 335 is arranged to 
predict the changes in the number of slots needed to 
ensure proper flow of the information to head end 109, 
because, during high activity periods, a buffer fill signal 
on line 338 is high. The prediction algorithm implement- 
ed in bandwidth controller 335 then calls for the station 
to acquire some more slots by contending for those 
slots. If the station does acquire one or more additional 
time slots, the frame continuation bit can be set for these 
slots, thereby reserving the same slot in successive 
frames. During low activity periods, the buffer fill signal 
on line 338 is low. The prediction algorithm in bandwidth 
controller 335 then calls for some of the extra slots that 
exceed the guaranteed minimum to be relinquished by 
the station. This arrangement allows for a higher gain 
from statistical multiplexing of the VBR sources, which 
results in significantly more capacity for the present in- 
vention over the conventional TDMA. 
[0032] Fig. 3B illustrates the arrangement of a MAC 
processor 384, which is similar to MAC processor 330 
shown in Fig. 3A. MAC processor 384 is disposed in the 
head end of Fig. 1 , and which directs communications 
signals from stations 107 to appropriate service plat- 
forms 390. As shown in Fig. 3B, signals received from 
stations 107 via coaxial cable 102 are applied to RF unit 
372, which, like RF unit 360, converts the RF signals 
down to baseband and feeds it to demodulator 370, and 
converts the baseband information received from mod- 
ulator 374 up to the assigned RF frequency for trans- 
mission to stations 107. RF unit 372 may also provide 
COLLISION or IDLE status detection, based on power 
level analysis. If these functions are performed in RF 
unit 372, the resulting control signals are transmitted to 
the MAC processor 384 via a control connection (not 
shown in Fig. 3B). 

[0033] In MAC processor 384, deformatter 376 recov- 
ers station address, SA(i,j), and parameters C f) C s and 
U. from the upstream time slots and applies this infor- 
mation to bandwidth controller 378. Bandwidth control- 
ler 378 performs functions that complement the func- 
tions performed in bandwidth controller 335 of Fig. 3A, 
and include (a) scheduling transmission of packets from 
service platforms 390 via buffers 379 to formatter 382 
and then to RF unit 372 based on the downstream time 
slot allocations formulated in head end 109, (b) detect- 
ing the presence of superslots and extracts or reads the 
information contained therein, (c) determining the status 
of upstream time slots and formulating downstream sta- 
tus or acknowledgment messages, A(i,j), and (d) per- 
forming error checking using cyclical redundancy codes 
(CRC's) contained in each time slot. The details of these 
processes, which, as stated previously are performed 
under the control of software programs stored in a pro- 
gram store 380, are described below in connection with 
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Fig. 13. Buffers 379 and 381 are arranged to store down- 
stream and upstream payload data on a temporary ba- 
sis, and to store parameter information used in the band- 
width allocation and management processes that form 
part of the MAC protocol. 5 
[0034] Service gateway 386 shown in Fig. 3B main- 
tains information regarding subscribers, service provid- 
ers, and routingmformation for their services platforms, 
and provides an interlace between MAC processor 384 
and service platforms 390. These service platforms can 
be located at separate sites apart from head end 109, 
and therefore illustratively are interconnected with gate- 
way 386 via a public switched telecommunications net- 
work (PSTN). Gateway 386 operates in conjunction with 
the MAC processor to recognize the needs of different 
applications originating from stations 107, and routes 
communications signals corresponding to these differ- 
ent applications to appropriate ones of the service plat- 
forms 390. For example, video on demand (VOD) re- 
quests originated in a station 107 would be routed 
through service gateway 386 to a VOD service platform, 
while voice calls would be routed through the gateway 
386 to a LEC switch, which acts as a different type of 
service platform for voice calls. 

[0035] Referring to Fig. 4, the basic arrangement of 
the data contained in a time slot in accordance with the 
invention is shown. A preamble 401 allows synchroni- 
zation of the receiver in head end 109 to the time slot. 
A start data delimiter (SDD) 403 indicates where slot in- 
formation is going to start. A source address (SA) 405 
allows head end 109 to identify the particular station, 
communications device 301-303 or device specific 
processor 311-313 from which the transmission origi- 
nated. The continuation field designated generally as 
407, has two subfields. One, called frame continuation 
(C f ) subfield 409, indicates an intention by a station dur- 
ing processing of the current frame "i" to use the same 
slot, i.e., slot "j", in the next frame, frame n i+1". In this 
context, the "same" time slot, slot "j", means the slot that 
is in the same relative position in frame "i+1 ■ as the time 
slot used in the first frame, frame "i", acquired by that 
station. The value of C f for time slot j in frame i is des- 
ignated as C f (Lj) and is set, by default, to 0, indicating 
that the same time slot in successive frames is not being 
used by a station; when C f (i,j) =1 , then a station desires 
to use, or has been using, a time slot in successive 
frames. 

[0036] The other subfield, called the slot continuation 
(C s ) subfield 411, indicates the intention by a station to 
transmit across time slot boundaries, in cases where the 
station is using contiguous slots. When a station trans- 
mits over multiple contiguous time slots while using the 
slot continuation feature of the present invention, a "su- 
perslot" is formed. As described in more detail below, a 
superslot includes a guard time, preamble and SDD only 
in the first time slot in the superslot. In the subsequent 
time slots that make up the superslot, these fields are 
not present. Further details of the slot continuation and 



frame continuation subfields 409 and 411 are provided 
below. 

[0037] Although not limited to any particular protocol, 
the payload 415 in a time slot can accommodate an 
asynchronous transfer mode (ATM) cell, i.e. 53 bytes. A 
cyclic redundancy code (CRC) 417 is used for the pur- 
pose of error detection and correction, and covers all of 
the slot user data in a manner that would be well known 
to persons skilled in the art. Finally, a guard time 400 is 
included in each time slot, either at the beginning (as 
shown in Fig. 4) or end of the time slot, in order to allow 
for time differences caused by propagation delay as 
messages are carried by the transmission medium from 
station 107 to head end 109. 

[0038] All stations 1 07 on the coaxial cable 1 02 initial- 
ly go through a coarse ranging process with head end 
109, so that they have the same view of timing with re- 
spect to the time slots that appear on the transmission 
medium provided by coaxial cable 102 and fiber 108. 
This timing synchronization, which is performed in ac- 
cordance with techniques well known to persons skilled 
in the art, is then fine tuned with the help of the guard 
time 400 and preamble 401 within each time slot. All of 
this allows stations 107 to stay synchronized with the 
slot boundaries on the transmission medium, while ac- 
counting for their distances from each other and head 
end 109, and the corresponding propagation delays. 
[0039] Referring to Fig. 5, there is shown the arrange- 
ment of the data fields in a downstream message con- 
tained within a time slot designated time slot "j" Field 
501 contains the destination address for the status in- 
formation contained in this time slot This destination ad- 
dress identifies both the particular station as well as the 
particular device specific processor within that station, 
to which the status information applies. Note that the 
destination address for the status information is usually 
the same as the source address of the station that trans- 
mitted in the j th time slot in the previous upstream frame. 
However, in the event that the status message indicates 
a collision had occurred, the destination address for sta- 
tus is set to a default value of all 0's with one exception. 
The exception occurs when a station had previously re- 
served that slot by setting the frame continuation bits, 
in which case the destination address for the slot status 
is set to the source address of the station that has re- 
served that slot. 

[0040] Field 502 contains the actual status informa- 
tion for the j th time slot in the previous upstream frame. 
The status can have one of the following four values: 
IDLE, indicating that the time slot was not used; BUSY/ 
CONTINUATION (B/C), indicating that the time slot was 
successfully used by a station, with a request for con- 
tinued use having been made; BUSY/FINAL (B/F), indi- 
cating that the time slot was successfully used by a sta- 
tion, but that the station does not need the time slot in 
succeeding frames; and COLLISION, indicating that two 
or more stations attempted to use the same time slot, 
or that the information in that time slot was corrupted, 
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such as by noise. 

[0041] Field 503 contains the destination address for 
the payload in the j m downstream time slot, and field 504 
contains the payload itself. This destination address 
can, in general, be different from the destination address 
contained in field 501. This is because the time slots in 
the upstream and downstream directions for payload 
data do not have to be paired. 

[0042] Finally, field 505 contains a cyclic redundancy 
code, used for error detection (and correction) purpos- 
es. 

[0043] Referring now to Fig. 6, there is shown a view, 
from the point of view of stations 107, of the timing be- 
tween the flow of upstream data and the flow of down- 
stream time slot status information, which, in accord- 
ance with the present invention, is broadcast by head 
end 109 in a downstream channel to all stations 107. In 
Fig. 6, a first upstream frame 601 contains "n" time slots 
601 -1 to 601 -n. Guard time, which occurs between each 
time slot, is not shown in this figure. This frame structure 
assists in the synchronization required between head 
end 109 and stations 107 by clocking derived from frame 
delimiters. Note that different frame sizes (i.e., different 
values of "n") can be used as desired, with size and du- 
ration of the frame being determined by the communi- 
cation protocol. For a 2 msec frame at a rate of 10 Mbps, 
there are approximately 47 slots in a frame, if data is an 
ATM cell with 424 bits. In applications that support voice 
over ATM with the present invention, such as the MAC 
protocol, a frame duration of 6 msecs can be used, be- 
cause it takes that long to fill a 48 byte payload at 64 
Kbps. 

[0044] A downstream frame 602 is offset (delayed) by 
a time V, and contains status information for time slots 
601 -1 to 601 -n in respective time slots labeled 602-1 to 
602-n. Thus, as will be seen in Fig. 6, the status infor- 
mation for a particular time slot, such as time slot 601 -1 
is contained in frame 602, time slot 602-1 , which occurs 
before the same time slot (time slot 603-1 ) occurs in the 
next frame 603. This insures that the status of a time 
slot for the previous frame is received by stations 107 
before it is time to transmit in that slot in the next frame. 
Note that each time slot in each downstream frame in- 
cludes a destination address (DA) tor status (field 501 
in Fig. 5) that identifies both the particular station for 
which a status message is destined as well as the par- 
ticular device specific processor in that station. 
[0045] Fig. 7 shows the manner in which superslots 
are created in accordance with our invention. As stated 
previously, the purpose of superslot creation is to merge 
consecutive or contiguous time slots and thereby re- 
lease one or more time slots for use by other stations. 
This makes more efficient use of the channel. The rea- 
son that time slots may be released in this situation is 
that it is not necessary to repeat "overhead" information 
in each of the consecutive time slots, since the overhead 
information is redundant For the present purposes, 
"overhead" includes information contained in fields 400, 



401 , 403, 405 and 407 of Fig. 4, relating, respectively, 
to guard time, preamble, SDD, source address and con- 
tinuation subfields. In addition, a CRC is not necessary 
for each time slot in a combined superslot. 
s [0046] In Fig. 7, five consecutive upstream time slots 
701-1 through 701-5 each include an overhead portion 
703-1 through 703-5, a payload 705-1 through 705-5 
and a CRC 707-1 through 707-5. These time slots are 
combined into a superslot 710 that includes a single 
10 overhead portion 711 , a field 71 3 containing information 
specifying the number of time slots that have been com- 
bined to form the superslot, which in this example is 5, 
a combined payload 715 that contains all of the pay- 
loads 705-1 through 705-5 of the time slots being corn- 
's bined to form the superslot, and a CRC 717. In the su- 
perslot, overhead portion 711 may be identical to the 
overhead portions 703 contained in each of the time 
slots 701, since these each contain the same informa- 
tion. CRC 717 in superslot 710 pertains to the entirety 
20 of the data contained in combined payload 715. 

[0047] Before describing the MAC layer bandwidth 
management process of the present invention, which is 
illustrated in the process flow charts of Figs. 8-1 3, it will 
be instructive to present an overall view of the processes 
2S that are contemplated. When particular ones of stations 
107 are ready to transmit upstream information using 
the MAC layer protocol, they first need to determine, 
based on higher layer input, how much bandwidth is 
needed to meet the required traffic level for the current 
30 transmission. This is accomplished in various ways, well 
known to those skilled in the art, depending upon the 
particular application involved. Fig. 8 shows the initial 
time slot processing and indicates passage of control to 
the particular figure describing the next process, de- 
3$ pending on what the slot status is. Specifically, control 
passes to Fig. 9, 10 and 11 , for COLLISION, BUSY/FI- 
NAL and BUSY/CONTINUATION statuses, respective- 
ly. If superslots are being used, the process illustrated 
in Fig. 12 is used instead of the process of Fig. 11. Fig. 
^o 13 shows the head end processing used to detect dif- 
ferent conditions in the upstream time slots and to for- 
mulate the downstream acknowledgment messages. 
[0048] Fig. 8 is a flow chart illustrating the initial 
processing of acknowledgment messages received in a 
45 MAC processor indicating time slot status. The process 
begins in step 800, in which variables "i", representing 
the frame number, and "j", representing the time slot 
number, are initialized to match the values maintained 
in the head end 109. Proper matching is achieved by a 
50 process of ranging that occurs between the head end 
109 and the stations 107, in which the propagation de- 
lays in the transmission network and the filter roll-off in 
RF units 360 and 372 are accounted for. 
[0049] When an acknowledgment message, desig- 
ns nated A(i,j), indicating that it pertains to time slot j in 
frame i, that has an associated destination address rep- 
resented by DA(i.j), is received in a station 1 07 in step 
801, the station first checks in step 802 to determine if 
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the station has information that it desires to transmit in 
thenexttime slot, i.e., time slot(i+1,j). Ifanegative result 
is obtained, indicating that the station does not have any 
information that it wishes to transmit upstream to head 
end 109, the process proceeds to step 81 4, in which the 
values of i and j are updated, in the manner indicated 
more specifically below. If a positive result is obtained, 
indicating that the station does have information it 
wished to transmit, the process proceeds to step 806, 
to determine if the acknowledgment indicates that the 
status of time slot in question indicates (a) a COLLI- 
SION, (b) IDLE or BUSY/FINAL, or (c) BUSY/CONTIN- 
UATION. 

[0050] If the status is COLLISION, meaning that two 
or more stations attempted to transmit in that time slot, 
thereby corrupting the data therein, a backoff counter, 
containing a count designated as N b , is checked in step 
803, to determine whether or not the backoff counter for 
access to this slot is zero. This step determines whether 
the station had tried to use this time slot (i,j) and a col- 
lision occurred, in which case the backoff counter would 
have been set to a random number that is other than 
zero. (This is discussed further below, in conjunction 
with step 906 in Fig. 9) If the backoff counter is deter- 
mined to be other than zero in step 803, its count is de- 
creased by 1 in step 809, and the station does not trans- 
mit in the same slot in the next frame, i.e., time slot 
(i+1 Rather, the process of Fig. 8 continues with step 
814, in which the values of i and j are updated, to refer 
to the next time slot in the same frame, i.e., time slot (i, 
j+1 ). The precise manner in which updating of the values 
of i and j occurs, is in accordance with the following 
equations: 

j <r- (j mod n) + 1 
i <- t, if(j mod n) ^ 0 
j ( j + 1 ) mod N f + 1, if (j mod n) = 0, 

where n is the number of time slots in a frame and N f is 
an arbitrary number of frames, such as the number 
1024 ; at which the value of i rolls over, i.e., returns to 
the value 1. This updating process is performed so that 
(a) the time slots are numbered from 1 to n and then the 
numbering returns to 1 in the next frame, and (b) the 
frames are numbered from 1 to N f , where N f is a number 
that can readily be handled by the counters in the sys- 
tem. After updating in step 814 is completed, the proc- 
ess of Fig. 8 returns to step 801 , in which the acknowl- 
edgment for the next time slot is received. 
[0051] If the count in the backoff counter is deter- 
mined in step 803 to be zero, the station proceeds, in 
step 807 to determine whether or not the destination ad- 
dress, DA(i,j), is the valid address of a station 107, rather 



than a null string. Head end 109 sets the value of DA(i, 
j) to a null string (for example, all 0's) when no station 
had acquired time slot j. On the other hand, head end 
109 sets the value of DA(i,j) to indicate the address of 

s a station when that station had acquired time slot j and 
had previously indicated a desire to continue using that 
time slot by setting the value of the frame continuation 
bit C f , to 1. If the result of step 807 is negative, then, in 
step 808, processing continues with the process iilus- 

10 trated in Fig. 9, discussed in more detail below. 

[0052] On the other hand, if the result of step 807 is 
positive, then., in step 812, processing continues with the 
process illustrated in Fig. 11. 

[0053] If, in step 806, the value of A(i,j) indicates that 
is the time slot was IDLE or BUSY/FINAL, processing pro- 
ceeds with step 804, which is the same as step 803. If 
the value of N b is not zero, the value of N b is decrement- 
ed in step 805, as described previously in connection 
with step 809, and the process proceeds to step 814. If 
20 the value of N b is zero, the station proceeds, in step 810, 
to go to the process illustrated in Fig. 10, discussed in 
more detail below. 

[0054] If, in step 806, the value of A(i,j) indicates that 
the time slot was BUSY/CONTINUATION, processing 
25 proceeds, in step 812, which transfers control to the 
process of Fig. 11 . 

[0055] After the processing in each of Figs. 9, 1 0 and 
11 is completed; control returns to step 814 in Fig. 8, 
wherein the values of i and j are updated as described 
30 above, and the process of Fig. 8 returns to step 801 , in 
which the acknowledgment for the next time slot is re- 
ceived. 

[0056] In Fig. 9, the process that occurs following a 
collision is illustrated. In step 902, the station first deter- 

35 mines whether or not it transmitted in time slot (i,j) for 
the first time. This is done by examining the value of an 
"initial attempt" indicator designated L a (j), which is set 
high (to a value 1) if a transmission attempt was made 
by the station in time sbt (i.j), in order to initially acquire 

40 control of that time slot. If a positive result occurs in step 
902, a randomized backoff value "k n is calculated for N b 
in step 906, and the value of the indicator L a (j) is reset 
to 0. This is done so that the station will wait for a random 
number of time slots before again attempting to transmit, 

45 i.e. , to acquire a time slot to transmit information to head 
end 109. The process then, in step 908, returns to step 
814 in Fig. 8. 

[0057] If a negative result occurs in step 902, this 
could be because (a) two or more other stations attempt - 

50 ed to insert data in the time slot, and a collision occurred, 
or (b) the data in the time slot was corrupted for any 
other reason, such as bit errors due to noise. In either 
of these events, the information in the time slot is cor- 
rupted. In this circumstance, the process of Fig 9 pro- 

55 ceeds, in step 904, to go to the process illustrated in Fig. 
10. 

[0058] Fig 1 0 illustrates the process that occurs when 
the value of A(i,j) indicates that (a) a time slot is IDLE or 
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has a BUSY/FINAL status, which would follow process- 
ing in Fig. 8, or (b) there was a COLLISION, and the 
station is allowed to transmit in accordance with step 
904 in Fig. 9. In either of these events, the upcoming 
time slot (i+1 ,j) is available for contention by all stations, 
and the station performing the process is allowed to 
transmit in that time slot. Accordingly, the value of L^O) 
is set high, in step 1001. Next, in step 1002, the station 
performing the process determines whether it needs the 
j 01 time slot in the next frame (frame i+2). Note here that 
it had already been determined, by virtue of the positive 
result reached in step 802, 1hat the station had informa- 
tion to transmit in the upcoming frame (frame i+1). If a 
positive result occurs in step 1002, the value of the C f 
bit is set to 1 in step 1004, to indicate that the transmis- 
sion in the j lh time slot in the upcoming frame will con- 
tinue in the same time slot in the next succeeding frame. 
The station also writes information destined for head 
end 109 into time slot (i+1 ,j) in step 1004. If a negative 
result occurs in step 1002, the value of the C f bit is set 
to 0 in step 1 003, to indicate that the transmission in the 
j lh time slot in the upcoming frame will not continue in 
the same time slot in the next succeeding frame. The 
station also writes information destined for head end 
109 into time slot (i+1,j) in step 1003. In either case, the 
value of C s is set to zero in steps 1003 and 1004, to 
indicate that slot continuation (i.e., superslot) is not in 
use. Also, in either case, following steps 1003 and 1004, 
the process of Fig. 1 0 continues by returning to step 81 4 
of Fig. 8 in step 1006. 

[0059] Fig. 11 is a diagram illustrating the process 
when the downstream acknowledgment indicates that a 
time slot has a BUSY/CONTINUATION status, or when 
a collision has occurred involving a station that had re- 
served a time slot. First, in step 1102, a determination 
is made from the destination address, DA(i,j), whether 
or not the acknowledgment message indicates that this 
particular station has already reserved the j ,h time slot. 
If not, processing for this slot ends, and the process re- 
turns, via step 1104, to step 814 in Fig. 8. If a positive 
result is obtained in step 1102, the process continues 
with step 1106, which determines whether or not L^) is 
high, indicating that a transmission attempt was made 
by the station in time slot (i.j), in order to initially acquire 
control of that time slot. If the result of step 1106 is pos- 
itive, the station has acquired a new time slot, and there- 
fore increases the value of N c , which is a variable rep- 
resenting the number of time slots in a frame that have 
been obtained or acquired by that station. If the result 
of step 1106 is negative, the station was not attempting 
to initially acquire the time slot, but rather was using an 
already acquired time slot in the continuation mode. In 
this event, a determination is next made in step 1110 as 
to whether the station requires the use of the j th time slot 
in the next frame. This would be true, when, for example, 
a constant bit rate call is in progress. Following the de- 
termination in step 1110, the process continues with 
steps 1112 and 1114. which are. with one exception, the 



same as steps 1003 and 1004, previously described in 
connection with Fig. 10. The exception occurs in step 
1114, which provides for a decrease in the value of N 0 
to N c - 1 when a negative result is reached in step 1110. 
5 This decrease would, for example, occur when the bit 
rate for a call in progress decreases, and the call can 
still be supported with fewer time slots. 
[0060] From the foregoing description, it will be seen 
that the variable N c is increased (in step 1108) when a 
10 station is seeking to acquire new time slots for its traffic, 
and decreased (in step 1114) when the station does not 
need some of its acquired time slots to carry the traffic 
that rt currently has. This process thereby regulates the 
number of time slots being used by a station to meet its 
*5 current needs, and helps to improve the efficiency 
achieved by the present invention. 
[0061] As stated previously, transmitting stations that 
have obtained the use of multiple contiguous time slots 
may make more efficient use of the cable bandwidth by 
transmitting data during what is usually guard time be- 
tween time slot boundaries. This guard time normally 
insures the ability of different stations to transmit in suc- 
cessive time slots and be sure of not interfering with one 
another. However, we have found that if the same sta- 
tion is using successive time slots, that inter-slot guard 
time can be used for data. 

[0062] Fig. 12A is a diagram similar to Fig. 11 illustrat- 
ing the process when the downstream acknowledgment 
indicates that a time slot has a BUSY/CONTINUATION 
status, but in an embodiment of the invention where su- 
persets may be used to insert data into what would oth- 
erwise be guard time. Accordingly, if use of supers lots 
is allowed, then step 812 in Fig. 8 would read "GO TO 
Fig. 12AV The part of the process shown in Fig. 12A, 
namely the process of steps 1 202, 1 204, 1 206 and 1 208 
are the same as steps 1 1 02, 1 1 04, 1 1 06 and 1 1 08 in Fig. 
11. However, in Fig. 12A, if the result of step 1206 is 
positive, then after the value of L a (j) is set to zero and 
the value of N 0 is increased in step 1208, the process 
proceeds, in step 1205, to go to Fig. 12B, discussed in 
more detail below, in order to determine the possibility 
of using superslots, and, if superslots can be used, to 
set the parameters associated with such use. 
[0063] If the result in step 1206 is negative, or when 
the process of Fig. 12B is completed, the process of Fig. 
1 2A continues with step 1210, which is the same as step 
1110 of Fig. 11. If a negative result is reached in step 
1210, the process proceeds with step 1 21 4, which is the 
same as step 1114 in Fig. 11, and the process then re- 
turns, in step 1204, to step 814 of Fig. 8. The sequence 
of steps just described may occur, for example, when 
the use of superslots is possible, and a station has made 
a determination that the use of the j th time slot can be 
discontinued in the next frame. This might occur when 
the use of a superslot results in more efficient use of 
bandwidth, and therefore the station has access to the 
same amount of bandwidth even after releasing the time 
slot in consideration. 
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[0064] If the station, in step 1 21 0, determines that the 
time slot j) is needed in the next frame, frame 
a determination is next made in step 1 21 6 as to whether 
or not time slot j in the next frame is part of a superslot. 
This is determined by the result of the processing that 
occurred in step 1205. If the result of step 1216 is neg- 
ative, then time slot j is not part of a superslot. In this 
event, the value of C f is set to 1 and the value of C s is 
set to 0, and the data is written in the time slot all in step 
1220. The process then returns, in step 1204, to step 
814 of Fig. 8. 

[0065] If the result of step 1 21 6 is positive, then a de- 
termination is made, in step 1224, as to whether or not 
the time slot is the first time slot of the superslot. This is 
done so that, if a positive result occurs, the guard time, 
preamble, SDD, and SA can all be written into the time 
slot in step 1 226. Also, the values of both C f and C s are 
set to 1 , and the value of Lq is written into the portion 
713 of the superslot, as shown in Fig. 7. On the other 
hand, if a negative result occurs in step 1 224, then the 
overhead data written in step 1 226 is bypassed. In either 
event, in step 1228, the payload data is written into the 
time slot. 

[0066] The intent of the process illustrated in step 
1224, 1226 and 1228 is to eliminate the use of guard 
time, preamble, and other components of the time slot 
overhead that would normally be found at time slot 
boundaries. This information is now only included in the 
first time slot of each superslot. 

[0067] Fig 12B illustrates the process used to deter- 
mine the possible use of supers lots in accordance with 
the present invention. The process begins in step 1251 , 
and, as stated previously, is invoked following step 1 208 
in Fig. 1 2A. In step 1 252, a determination is made of the 
number N c of contiguous time slots and the number N d , 
of non-contiguous time slots, that are "currently availa- 
ble" to the station in which the process is being per- 
formed. For this purpose, each station examines its pre- 
viously obtained time slots, meaning those time slots 
which have been acquired by the station, and deter- 
mines which of these slots are contiguous and which 
are not contiguous. Note that the sum of N c and N d rep- 
resents the number of obtained time slots, N c , men- 
tioned above. Next, in step 1 253, the value of N c is eval- 
uated, to determine if there are at least two continuous 
time slots available. If a negative result occurs in step 
1253, this indicates that contiguous time slots are not 
available, and that superslols cannot be used. Accord- 
ingly, the process returns, in step 1254, to step 1205 in 
Fig. 12A. 

[0068] If a positive result occurs in step 1253, this in- 
dicates that at least 2 contiguous time slots are availa- 
ble. Then, in step 1255, a determination is made as to 
whether there are enough time slots available to form a 
superslot which can accommodate an integral number 
of pay loads, (i.e., packets or ATM cells) as shown in Fig. 
7. If the result of step 1 255 is positive, then, in step 1 256, 
the superslot is formed by combining the contiguous 



time slots, as shown in Fig. 7. During the formation of 
the superslot, any time slot(s) that are no longer needed 
are released. If, in step 1255, it is determined that there 
are not enough time slots available to form a superslot 

s which can accommodate an integral number of pay- 
loads, then the N c contiguous time slots that are avail- 
able are used in a superslot mode, in step 1257. This 
means that the payloads will be arranged so that they 
follow successively until the end of a superslot, with the 

10 possibility that the last payload may only be partially ac- 
commodated Accordingly, the remainder of the payload 
will be placed at the beginning of the next superslot. 
[0069] Fig. 13 illustrates the processing done in the 
head end 109 in accordance with the present invention. 

15 This processing is done in the MAC processor 384 of 
Fig. 3B which is a part of the head end 109. The process 
of Fig. 13 works in conjunction with the corresponding 
process (Figs. 8, 9, 10, and 11) in the stations to imple- 
ment the overall MAC protocol in accordance with the 

20 present invention. 

[0070] The process of Fig. 13 begins with step 1302, 
in which the values of i and j are each initialized. This 
initialization occurs once, when the head end becomes 
synchronized to process time slots on the transmission 

25 medium. Thereafter, the process of Fig. 1 3 is performed 
for each time slot in succession. First, in step 1304, a 
determination is made as to whether time slot (i,j) is 
"used" or "IDLE". This determination can be made in RF 
unit 372, based on the signal energy in the time slot be- 

30 ing above some threshold value. The result of this de- 
termination is transmitted from RF unit 372 to the MAC 
processor 384. If the threshold is exceeded, the time slot 
is considered used, and otherwise, the time slot is con- 
sidered IDLE. 

35 [0071] If a time slot is not used, the acknowledgment 
message for that time slot, A(i,j) is set as IDLE in step 
1308, and the value of the destination address (DA) is 
set to zero (or some other predetermined unique value 
that does not correspond to a valid address of any sta- 

40 tion) to indicate to the stations that the time slot is IDLE. 
The values of i and j are then incremented or updated, 
in the manner described above, in step 1340, and the 
process repeats for the next time slot. 
[0072] If a time slot is not IDLE, a positive result is 

45 obtained in step 1304. In that event, a determination is 
made in step 1 31 0 as to whether a preamble has been 
identified in the time slot, and a further determination is 
made in step 1 320, as to whether a slot data delimiter 
(SDD) has been identified in the time slot. If either (or 

50 both) of the results in steps 1310 and 1 320 are negative, 
then the process proceeds to step 1 328, which sets the 
acknowledgment message for that time slot, A(i,j), to 
COLLISION, and which further sets the value of the des- 
tination address (DA) to zero. This is because, when a 

55 collision occurs, either or both the SDD and/or the pre- 
amble are corrupted. This condition can also happen if 
noise corrupted the time slot Note that, as an alternative 
arrangement to thai illustrated in steps 1310 and 1320, 
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a collision can be detected, as stated previously, using 
RF unit 372 in the head end 109. 
[0073] Next, a determination is made in step 1314 as 
to whether this time slot had been reserved in the pre- 
vious frame, i.e., frame i-1. If not. then the process pro- 
ceeds to step 1 340, as discussed above. If the time slot 
had been reserved, then, in accordance with the present 
invention, the same slot is again reserved, despite the 
collision. Accordingly, in step 1 312, the value of the des- 
tination address, DA(i,j) is returned to its corresponding 
value in the previous frame, namely DA(i-1,j), and the 
process then proceeds to step 1340 as discussed 
above. In order to accomplish a return to the previous 
value in step 1312, head end 109 should be provided 
with a suitable memory capability, typically included in 
buffers 379 of Fig. 3B. 

[0074] If the results of both steps 1310 and 1320 are 
positive, this indicates that the time slot contains data 
that was inserted into that time slot by one of the stations 
107, and that data is read in step 1322. The process 
proceeds to step 1 324, in which a determination is made 
as to whether the frame continuation bit, C fj is high (i. 
e., equal to 1). (It should be noted that it is presumed 
that a CRC check or Forward Error Correction (FEC) is 
not a part of the MAC layer function and is, e.g., a part 
of the layer 3 function (not described). However, the flow 
chart of FIG. 13 could be readily modified to include such 
a check or correction, e.g., subsequent to step 1322.) If 
so, this indicates that the same time slot is reserved in 
the next frame by the station that is currently using that 
time slot. Accordingly, in step 1316, the acknowledg- 
ment message for that time slot, A(i,j), is set to BUSY/ 
FINAL, and the destination address. DA(i,j) is set to the 
valid address of the station which transmitted in time slot 
(i,j), namely SA(j). If the result of the determination made 
in step 1324 is negative, this indicates that the same 
time slot is not reserved in the next frame by the station 
that is currently using that time slot. Accordingly, in step 
1318, the acknowledgment message for that time slot, 
A(i,j), is set to BUSY/CONTINUATION. Here again, the 
destination address, DA(i,j) is set to the valid address 
of the station which transmitted in time slot (i,j), namely 
SAO). 

[0075] Following steps 1316 or 1318, the process of 
Fig. 13 continues, instep 1306, to determine if the value 
of the time slot continuation bit, C s , is high, thus indicat- 
ing that the station is using a superslot. If the result of 
step 1 306 is negative, the values of i and j are updated 
in step 1342, and the process of Fig. 1 3 is repeated for 
the next time slot. If superslots are being used, and the 
result of step 1306 is thus positive, the value of L s , rep- 
resenting the number of time slots that have been com- 
bined to form the superslot, is read from field 713 (Fig. 
7) in the upstream message, in step 1 309. Then the val- 
ue of L s is decremented in step 1 322, (to account for 
the fact that the first time slot in the superslot had al- 
ready been read in step 1322) and a determination is 
made, in step 1 334, as to whether Ls is zero. Normally, 



a negative result will occur, indicating that there are 
more time slots in the superslot to be read. In this event, 
the process proceeds to step 1336. in which the data is 
read, the value of (ij) is incremented, the acknowledg- 
5 ment message for that time slot, A(i,j), is set to A(i,j-1 ), 
and the destination address, T)A(i,j) is set to DA(iJ-1), 
since this time slot is being used by the same station 
that used the previous time slot i.e., time slot (j-1). 
[0076] Following step 1336, steps 1322, 1334 and 

10 1336 are repeated, in turn, for each of the remaining 
time slots in the superslot, until the determination in step 
1334 is positive, indicating, as stated previously, that all 
time slots in the superslot have been processed. In the 
latter event, the process returns to step 1342. 

75 [0077] Based upon the foregoing description of the 
present invention, it will be observed that this invention 
is particularly useful in conjunction with packet transmis- 
sion systems, such as asynchronous transfer mode 
(ATM) systems, because the time slot size can be se- 

20 lected such that each time slot can accommodate one 
ATM cell. By virtue of this arrangement, it is possible to 
achieve ATM compatibility throughout the network, i.e., 
from the stations 107 to the service platforms 390. 
[0078] It will also be noted that while the cable televi- 

2S sion environment is susceptible to significant noise in 
the spectrum being allocated for upstream use, the 
present invention reacts well and is thus robust with re- 
spect to noise. This is illustrated by several examples: 
First, if noise causes loss of the initial message in an 

30 upstream time slot, there will be an indication of corrup- 
tion in that slot by the head-end status feedback. When 
the station that originated this message sees the cor- 
ruption indication, it retransmits the message, no matter 
what kind of call it is. Second : if noise causes corruption 

35 of an ongoing message while the frame continuation bit 
C f set to "one", it is desirable that the head-end should 
formulate an acknowledgment message that indicates 
that the time slot is still available to the same station. 
This is accomplished by head-end 109 storing the des- 

^0 tination addresses from the previous frame, as de- 
scribed previously in conjunction with steps 1312 and 
1314 in Fig. 13. Third, if noise causes corruption of an 
ongoing upstream message with the continuation bit C f 
set to "zero", meaning that this was intended to be the 

45 final message from that station, head end 109 will in 
steps 1312 and 1314 of Fig. 13 treat the time slot as if 
it were busy, with the continuation bit C f set to "one". In 
this case, head end 109 will incorrectly indicate in the 
current acknowledgment message that the time slot sta- 

so tus was BUSY/CONTINUATION. However, in the next 
frame, head end 109 will correctly determine the status 
of the time slot, and will indicate in the next acknowledg- 
ment message that the time slot status was either IDLE 
(in the case of a CBR call disconnecting) or BUSY/FI- 

55 NAL (in the case of a station retransmitting its last mes- 
sage). Finally, if noise corrupts a downstream acknowl- 
edgment message, this condition will have different im- 
pacts on stations depending on the type of service they 



13 



23 



EP0 951 154 A2 



24 



were using. A station that has been transmitting this time 
slot and setting the continuation bit C f to one will still 
have access to that time slot. Other stations that cannot 
decipher the downstream acknowledgment message 
will not transmit in that time slot. For CBR stations, such 
as those transmitting voice information, no retransmis- 
sion will occur, because recovery ot lost packets in not 
important in voice applications. A station that has been 
sending data will assume that the last packet got 
through successfully. If in fact it didnl, higher layer pro- 
tocols will request retransmission. A station that was 
contending for a time slot initially will retransmit. 
[0079] One unlikely but still possible condition in the 
decentralized version of the present invention, is that a 
number of stalions want to make CBR calls that require 
multiple time slots and that they will all gain access to a 
few time slots, but none of the stations will gain access 
to all of the time slots that they need. If something is not 
done, the stations might continue to hold theirtime slots, 
and deadlock would occur because no station could get 
enough bandwidth to establish its CBR call. The basic 
solution here is to implement a timer and a time-out 
process in each of the stations Each station monitors 
the time period during which it has acquired some but 
not all of the time slots that it needs. When the timer 
exceeds a predetermined time period : each station is 
arranged to release any time slots that it has acquired, 
and drop the call. The station will subsequently attempt 
to gain access to the required bandwidth by initiating a 
new call. 

[0080] A major concern for an access protocol in the 
coaxial cable, fiber and wireless environments is the ef- 
ficiency of utilization of the limited upstream bandwidth. 
Efficiency is affected by the type of traffic. Analysis per- 
formed with respect to the present invention indicates 
that its efficiency is about the same level as conventional 
TDMA for CBR calls. For VBR calls, the efficiency of the 
present invention varies as a function of the length of 
time over which the frame and/or slot continuation bits 
are used. In the worst case of only one message sent 
with each access, such that the C, bit is never set to 
"one", the present invention has the same efficiency as 
slotted ALOHA. 

[0081] Overall, the efficiency of the present invention 
is better than TDMA, because for sporadic bandwidth 
needs, it is not necessary to allocate a fixed amount of 
bandwidth to one station, most of which goes unused. 
By way of comparison, in TDMA, the peak level that is 
needed once in a while must none the less be allocated 
at all times. Also, for sporadic traffic, such as button 
pushes in ITV applications, the present invention main- 
tains low delay characteristics, while still maintaining 
better bandwidth efficiency Since the present invention 
can provide CBR service and has the capability of su- 
persets, it is also overall more efficient than slotted 
ALOHA or TDMA. 

[0082] As stated previously while the present inven- 
tion has been primarily described in the context of a fib- 



er/coax based transmission infrastructure, it is to be un- 
derstood that the invention is also applicable to a wire- 
less communications environment. In the latter environ- 
ment, the functions performed by stations 107 would be 
s performed in each "mobile station". The function per- 
formed in head end 1 09 would be performed in the "base 
station", and the interconnection between stations 107 
and head end 109, heretofore referred to as the fiber/ 
coax medium" would be the "wireless medium" over 
10 which two way communications between mobile sta- 
tions and the base station are effected. 
[0083] Various modifications can be made to the 
present invention, and will be apparent to those skilled 
in the art. Several examples will illustrate: 
is [0084] First, the decision to create and allocate su- 
persets can be performed in a centralized manner, at 
the common controller or head end, rather than in a de- 
centralized manner at the individual stations. In this ar- 
rangement, the head end determines that contiguous 
20 time slots are available and that a particular station may 
have access to those time slots. The head end then sig- 
nals that particular station, in an acknowledgment mes- 
sage addressed to that station, to use the contiguous 
time slots as a superslot. The station receiving the ac- 
2S knowledgment message then combines the individual 
time slots and transmits across multiple time slot bound- 
aries, as allowed by the head end. As in the decentral- 
ized arrangement, this type of arrangement also in- 
creases bandwidth efficiency by eliminating the guard 
30 times between time slots within a superslot. 

[0085] Second, even if superslots are not being used, 
the process of allocating multiple time slots to a partic- 
ular station can be performed in a centralized manner, 
at the head end, rather than in a decentralized manner 
35 at the individual stations. Specifically, instead of using 
superslots, the head end may be arranged to assign 
multiple non-contiguous time slots to a particular station, 
based upon its request. This type of arrangement would 
be useful where either the system precludes the use of 
40 superslots, or where superslots are in use but the head 
end could not locate contiguous time slots. 
[0086] Third, the present invention can easily be ar- 
ranged to properly accommodate "button push* type of 
traffic associated with video on Demand (VOD) and vid- 
45 eo gaming services. This traffic is low bit rate, but rela- 
tively high priority when it occurs. By assigning one (or 
more) time slots by, for example, a modification of down- 
stream status/acknowledgment messages, to always 
be available for this type of traffic, low delay and high 
so throughput can be ensured. Stations handling CBR traf- 
fic that might otherwise seek to reserve this slot by using 
the continuation field in the header would be precluded 
from doing so. An analysis of traffic requirements would 
be required to determine how many time slots should 
55 be allocated to this traffic. 
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Claims 

1. A method of allocating transmission bandwidth 
among a plurality of stations interconnected with a 
common controller via a transmission medium hav- 
ing a multiple access upstream channel, said meth- 
od comprising the steps of: 

dividing time in said upstream channel on said 
transmission medium into a series of succes- 
sive time frames: 

dividing each of the time frames into a plurality 
of time slots; 

responsive to contention by competing stations 
of said plurality of stations requiring transmis- 
sion bandwidth, allocating, on an initial basts, 
one or more of said plurality of time slots to a 
particular station of said plurality of stations that 
contends for said plurality of time slots; and 
reserving said one or more of said plurality of 
time slots for continued use by said particular 
station in response to a reservation indication 
contained in a plurality of messages inserted 
by said particular station in said one or more of 
said plurality of time slots. 

2. The method defined in claim 1 , wherein a first sub- 
set of said plurality of stations each originate con- 
stant bit rate (CBR) traffic requiring a first number 
of time slots per time frame, a second subset of said 
plurality of stations each originate CBR traffic re- 
quiring a second number of time slots per time 
frame, and wherein said first and second numbers 
are different. 

3. The method defined in claim 1 , wherein the plurality 
of messages inserted into said plurality ol time slots 
include overhead information, and wherein, if a first 
subset of time slots of said plurality of time slots is 
allocated to a particular station of said plurality of 
stations, said method further includes the steps ol: 

determining if more than one of said first subset 
of time slots are contiguous; and 
if said more than one of said first subset of time 
slots are contiguous, combining said more than 
one of said first subset of time slots into a su- 
perslol by eliminating overhead information 
contained in at least one of said more than one 
of said first subset of time slots. 

4. The method defined in claim 1 , wherein a first sub- 
set of said plurality of stations each originate con- 
stant bit rate (CBR) traffic requiring a fixed number 
of time slots per time frame and a second subset of 
said plurality of stations each originate variable bit 
rate (VBR) traffic requiring a variable number of 
time slots per time frame 



5. The method defined in claim 1 : wherein said meth- 
od further includes the steps of: 

providing a plurality of status messages indic- 
5 ative of a status of each of said plurality of time 

slots to said plurality of stations from said com- 
mon controller, said plurality of status messag- 
es being provided in a downstream channel; 
and 

10 responsive to said plurality of status messages, 

said plurality of stations (a) transmitting a new 
packet in one of said plurality of time slots, (b) 
continuing to transmit an on-going message in 
one of said plurality of time slots, or (c) allowing 

15 other ones of said plurality of stations to trans- 

mit in one of said plurality of time slots. 

6. A communication system, including: 

20 a transmission network, wherein a plurality of 

stations are interconnected with a common 
controller via a transmission medium having a 
multiple access upstream channel and a broad- 
cast downstream channel, each of said up- 

25 stream and downstream channels defining a 

sequence of time frames, each of the time 
frames including a plurality of time slots, 
means in the plurality of stations for inserting in 
a particular subset of the plurality of time slots, 

30 a first indication to said common controller of 

an intention of a particular station to combine a 
plurality of messages in a contiguous series of 
time slots of the plurality of time slots in a time 
frame in the sequence of time frames, and a 

35 second indication to said common controller of 

an intention of said particular station to use a 
particular time slot in a particular subsequence 
of time frames in the sequence of timeframes. 

40 7. The system of claim 6 wherein said plurality of mes- 
sages includes overhead information, and wherein 
said combining means includes means for forming 
a superslot by eliminating said overhead informa- 
tion contained in said plurality of messages in said 

^5 contiguous time slots of the plurality of time slots. 

8. The system defined in claim 6, wherein said over- 
head information includes a guard time and a pre- 
amble, and wherein said combining means is ar- 
50 ranged to eliminate the guard time and preamble 
normally found between at least two adjacent time 
slots of the plurality of time slots. 
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